Abstract-The kinetics of flow around submarine pipeline with spoiler is studied by lattice Boltzmann method. The pipeline is half buried in the seabed. The existence of spoiler not only increases the contact pressure difference along seabed surface, but also leads to additional torque acting on the pipeline center. The latter has certain potential safety hazard to pipeline. Present study gives torque level under different spoiler height and the corresponding mechanism is illustrated.
I. INTRODUCTION
The submarine pipeline scour is a common phenomenon in ocean engineering and corresponding protection is necessary. The traditional protection includes two basic ideas. One idea is to avoid scour starting [1, 2] , and the other one is to accelerate scour in order to reach self-buried happening [3] . Hulsbergen [4, 5] found that a rigid spoiler on the top of the buried pipeline can accelerate the buried process speed up to 10 times. Han [6] and Zhang [7] made a further experimental study and gave appropriate spoiler height based on scour starting. But no one studied the spoiler torque effect of a submarine pipeline which is the focus of this paper.
II. LATTICE BOLTZMANN METHOD
Lattice Boltzmann method (LBM) is a mesoscopic numerical method which has developed more than twenty years and achieved great success in simulating a wide variety of physical systems. LBM has advantages of easy programming, parallel computing, and easy handling of complex boundary conditions, etc. [8] .
A. Lattice Boltzmann Equation
Two-dimensional nine-velocity model (D2Q9) is adopted in our simulation. The standard lattice Boltzmann Bhatnagar-Gross-Krook (LBGK) equation is [8] 
The macroscopic variables ρ , u can be linearly described by distribution function:
B. Spoiler Torque Calculation
The torque on a point of the spoiler can be calculated by the force that fluid acting on the spoiler multiplying the arm. Then total torque can be obtained by a sum calculation. 
IV. NUMERICAL RESULTS AND ANALYSIS
The ratio of spoiler height relative to pipeline radius is from 0.1 to 2.0. We can further find the increasing trend of pressure difference and torque with spoiler height increasing from Figure. The spoiler is collided by fluids on both sides of upstream and downstream. The downstream is a low pressure space and the force of fluid acted on the spoiler is smaller than that of upstream. The higher the spoiler is, the bigger pressure difference is. So torque increases rapidly.
The contact point B is far from the spoiler top. So the increase of spoiler height has little influence on the pressure of point B. In addition, the pressure of point A almost remains the same. Then the pressure difference of point A and B increases slowly.
V. CONCLUSION
The torque effect of the spoiler on a half buried pipeline is numerical studied. The influence of spoiler height increasing on pressure difference and torque is obtained. When spoiler height increases, pressure difference increases slowly, but torque increases rapidly when / 1.5 h r ≥ . For a long enough pipeline, the torque effect can't be ignored when spoiler height is more than a certain value.
